ABSTRACT. Like other developing countries, China was reported to have a relatively high seroprevalence of anti-hepatitis A antibodies (anti-HAV). However, no studies have evaluated the prevalence of anti-HAV and HAV RNA among voluntary blood donors with or without elevated serum alanine transaminase (ALT) levels. Anti-HAV antibodies were detected using an enzyme-linked immunosorbent assay, and reverse transcription quantitative polymerase chain reaction was carried out for detection of HAV RNA. In the current study, we analyzed a total of 450 serum samples with elevated ALT levels (≥40 U/L) and 278 serum samples with non-elevated ALT levels. Seroprevalence rates of anti-HAV were 51.6% in donors with elevated ALT and 41.4% in donors with non-elevated ALT; however, none of the samples was positive for HAV RNA. The results of our study showed lower seroprevalence rates of anti-HAV in blood donors (irrespective of ALT levels) than those in published data on Chinese populations. Although donors with elevated ALT had statistically higher prevalence rates of anti-HAV than did those with non-elevated ALT, none of the serum samples had detectable levels of the active virus. In conclusion, our results demonstrate that the transmission of hepatitis A by blood transfusion will occur rarely.
INTRODUCTION
Hepatitis A virus (HAV) infection is the most common form of acute viral hepatitis worldwide. It is estimated that 1.5 million of HAV infections occur each year. HAV is highly contagious and usually spread by the fecal-oral route (Wasley et al., 2006) . However, recent studies have shown that HAV can be transmitted by blood transfusion when viruses are present in the blood of donors (Brundage and Fitzpatrick, 2006) . Like other developing countries, China was reported to have a relatively high seroprevalence of anti-HAV antibodies (Geng et al., 1998) . Despite this information, HAV vaccination has only been listed as one of the Expanded Program on Immunization vaccines since 2008.
Alanine aminotransferase (ALT) is abundant in liver cells, and elevated serum ALT levels in blood donors have been associated with an increased risk of post-transfusion hepatitis (PTH). Thus many countries, including China, have compulsory ALT testing when screening blood donors (Alter et al., 1981; Chang et al., 2007; Kim et al., 2008; MOH, 2012) . As such, a great number of donors are deferred because of elevated ALT levels (Kim et al., 2008) . However, the efficiency of ALT testing to reduce hepatitis transmission is controversial because there are many other causes of elevated serum ALT levels (Bizzaro et al., 1992; Ramesh et al., 1995) . Serological testing for the detection of antibodies to certain viruses is used to confirm infection. Chinese blood centers screen donors by testing for hepatitis B surface antigen (HBsAg) and antibodies to hepatitis C virus (anti-HCV) to reduce the risk of PTH (Ren et al., 2011) . During the past two to three decades, a more sensitive screening method known as nucleic acid amplification techniques (NAT) has been introduced in many countries to detect infectious donors during the serological window period (Li et al., 2008) . However, this method has not yet been implemented in China. Currently, there are many pilot studies evaluating NAT for the detection of human immunodeficiency virus (HIV), HBV, and hepatitis C virus (HCV) in Chinese blood donors (Shan et al., 2007) .
In the current study, we investigated the seroprevalence of hepatitis A virus antibodies among Chinese blood donors with or without elevated ALT levels, and for the first time, we screened the donors with NAT for HAV. Our objective was to determine whether a relationship exists between ALT and HAV infection and to evaluate the possibility of blood-borne transmission of HAV in China.
Material and methods

Source population
Serum samples were collected from the following blood centers between March 2013 and July 2013: Suzhou Central Blood Station, Beijing Blood Center, Nanjing Blood Center, Shanxi Blood Center, Guangzhou Blood Center, and Deyang Central Blood Station. In this study, we analyzed 450 serum samples with elevated ALT levels (≥40 U/L as measured via the rate method) and 278 serum samples with no elevated ALT levels (<40 U/L as measured via the rate method).
All serum samples were negative for HBsAg, anti-HCV, Treponema pallidum, and HIV. All studies on human subjects were performed in accordance with the ethical standards of the committee on Human Experimentation of Red Cross Society of China.
Detection of antibodies to HAV
To detect anti-HAV, enzyme-linked immunosorbent assays (ELISA) were carried out using anti-HAV ELISA kits (Beifang Institute of Biotechnology, Beijing, China) according to manufacturer instructions. The ELISA plates were read on an automated microplate reader (Molecular Devices Corporation, USA).
NAT for HAV RNA
Reverse transcription quantitative PCR (RT-qPCR) was carried out for detection of HAV RNA in all serum samples. Nucleic acid isolation was performed using a viral RNA extraction kit (Daan Gene Co., Guangzhou, China) according to manufacturer instructions. Then PCR amplification of HAV gene was performed with forward primer (5'-TTTCTTCCAGGGCTCTCC-3'), reverse primer (5'-CTAATCATGGAGTTGACCCC-3'), and probe (5'-FAM-TTGCCCTAGGCTCTGGCCGT T-3'-TAMRA). ABI StepOnePlus Detection System (Applied Biosystems, USA) was used for amplification, data acquisition, and analysis.
Statistical analysis
All statistical analyses were performed using the SPSS statistical analysis software package. Differences were considered significant if P < 0.05.
Results
Study participation
During the study period, 728 blood donors were enrolled. A total of 81% (590/728) of study participants were male. Ages of the donors ranged from 18 to 57 years and the mean age was 24.5 years. The differences between the two groups (with or without elevated ALT levels) were not statistically significant (χ 2 = 0.076, P > 0.05)
Antibodies to HAV testing
Testing for anti-HAV was performed on all the samples. In the elevated ALT group, 232 samples were found to be positive for anti-HAV, corresponding to a prevalence of 51.6%. Among the 278 serum samples without elevated ALT levels, 115 (41.4%) were found to be positive for anti-HAV (Table 1) . As seen in Figure 1 and Figure 2 , the prevalence of anti-HAV generally increased with age irrespective of ALT levels, and the atypical decline (≤40 group with elevated ALT levels and ≤60 without elevated ALT levels) may be attributed to the sample numbers. Then we compared the prevalence of anti-HAV between men and women of different age groups (irrespective of ALT levels). As seen in Figure 3 , women had lower prevalence of anti-HAV than did men. +All comparison values were based on blood donor population samples (Notari EP et al., 2001 ). 
NAT for HAV RNA
HAV RNA testing was completed on all the 728 study samples. None of the 728 samples was tested positive for HAV RNA.
DISCUSSION
Hepatitis A virus is one of the most common causative agents for acute hepatitis worldwide, which accounts for approximately one quarter of clinical hepatitis cases (Yotsuyanagi et al., 1996; Kwon et al., 2000; Hussain et al., 2011) . Seroprevalence of anti-HAV is highly correlated with socioeconomic status and access to clean water and sanitation (Jacobsen and Koopman, 2004) . Moreover, high anti-HAV seroprevalence rates have been reported in developing countries (Geng et al., 1998; Sawayama et al., 1999; Arankalle et al., 2001) . The results of the current study showed lower seroprevalence rates (347/728, 47.7%) of anti-HAV in blood donors (irrespective of ALT levels) than those in published data regarding Chinese populations (Geng et al., 1998) . This decline may be attributed to two reasons: improvements in socioeconomic status and the consistency of voluntary blood donors (the majority of whom are males between the age of 18 and 35 years old). However, the seroprevalence rates found in our study are still much higher than those in published data about blood donors in the United States (Notari et al., 2001 ). The differences may also be due to sample sizes, study populations, testing methods, and geography. Once infected by HAV, lifelong immunity develops; hence, seroprevalence rates of anti-HAV increase with age, as was found in our study. The data in the present study also indicate that the prevalence rate of anti-HAV is higher in males than in females (69% males versus 53% females, P < 0.05). This could be attributed to a more frequent exposure to sources of contamination, perhaps owing to greater activity in the labor market, involvement in high-risk work in raising animals, or cleaning services in the sewerage disposal system. The transmission of HAV by blood products has been thought to occur rarely or not at all. However, several cases of HAV transmission by transfusion of blood products have been reported in the last three decades (Noble et al., 1984; Sherertz et al., 1984; Lemon, 1994; Mosley et al., 1994) . The explanation for the small number of reported cases of HAV transmitted by transfusion is the lack of an asymptomatic carrier state for hepatitis A, in contrast to hepatitis B. Thus, unlike HBV carriers who may remain infectious for years, the infectious period for a patient with HAV would be limited to the 1-or 2-week viremic period prior to the onset of symptoms or jaundice. Studies have demonstrated that viremia of HAV lasts approximately 6 weeks (Bower et al., 2000) . This may explain why no HAV RNA was detected in this study. Our results also showed that all serum samples no longer had detectable levels of active virus. In this respect, although the donors with elevated ALT had a statistically higher prevalence rate of anti-HAV than did those with non-elevated ALT (χ 2 = 9.968, P = 0.02), all serum samples showed little possibility to transmit HAV.
China belongs to a group of hepatitis high-risk countries and great considerations should be given to prevent transfusion-transmitted hepatitis. Our results assure that concentration should be placed on other hepatitis viruses, such as HBV, HCV, and new hepatitis viruses. Conventional ALT testing causes a large number of normal blood donors to be excluded. This can cause not only serious economic losses, but also undue psychological stress to those excluded as blood donors. Further studies are needed to determine whether ALT testing should be cancelled and more direct and sensitive methods to detect hepatitis should be adopted.
